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reparation of calcium phosphate cement with an improved setting behavior
r t i c l e i n f o
eywords:
alcium phosphate cement
a b s t r a c t
In theaimof thedevelopmentof a calciumphosphatecement (CPC) thatallowsasufﬁciently longkneading
time at room temperaturewhile sets promptly at a physiological temperature, the powder components ofelatin
etting behavior
a CPC of a TeTCP–-TCP–DCPD system were coated with gelatin. The gelatin coating on TeTCP or DCPD-
containing portion effectively retarded the setting reaction at 293K while it did not hinder at 310K,
implying the possibility of CPC with an improved setting behavior. Compressive strength of 41MPa was
attained for a gelatin-coated CPC.
© 2013 The Ceramic Society of Japan and the Korean Ceramic Society. Production and hosting by
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T. Introduction
Calcium phosphate cements (CPCs) have been clinically used
s bone grafts in dental and orthopedic applications. Usually, more
hanone calciumphosphatepowder components are kneadedwith
etting liquid to make paste-like ﬂuid, which is to be injected
r hand-ﬁlled to bone defects with complicated shapes. The CPC
aste sets within several minutes to ﬁll the bone defects. The use
f CPCs, therefore, makes possible minimally invasive operations.
he chemical reactions involved in the setting of CPCs include
issolution-precipitation reactions of the initial calciumphosphate
omponents to form hydroxyapatite. For example, -tricalcium
hosphate (-TCP, Ca3(PO4)2) is converted into calcium-deﬁcient
ydroxyapatite when it is subjected to water (Eq. (1)), so are tetra-
alcium phosphate (TeTCP, Ca4(PO4)2O) with calcium hydrogen
hosphate (DCPAorDCPD, CaHPO4·(2H2O), Eq. (2)) and-TCPwith
eTCP (Eq. (3)):
Ca3(PO4)2 +3H2O → Ca9(HPO4)(PO4)5(OH) (1)
CaHPO4 +2Ca4(PO4)2O → Ca10(PO4)6(OH)2 (2)
Ca3(PO4)2 +Ca4(PO4)2O + H2O → Ca10(PO4)6(OH)2 (3)
Commercially available CPCs are designed to set in several min-
tes under physiological conditions to assure as short surgery time
s possible. This means, on the other hand, that the time for the
neading of the CPC paste is very limited. Incomplete kneading of
PCmay cause unexpected failure of set cement in the body, which
ight lead to serious accidents. To avoid such a risk, it is desired
eer review under responsibility of The Ceramic Society of Japan and the Korean
eramic Society.
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o develop a CPC that takes a long time to set at room temperature
o guarantee a sufﬁcient kneading time while sets promptly at a
hysiological temperature.
To realize such a CPC with an improved setting behavior, the
resent authors attempted to utilize a sol–gel transition of a
elatin-containing setting liquid; as will be described later, when
elatin is dissolved in the setting liquid, the solution shows a
eversible sol–gel transition at a temperature between293K (room
emperature) and 310K (physiological temperature). So, when one
r more of calcium phosphate components of a CPC are coated
ith gelatin, the setting reactions should be retarded at room
emperature because the gelatin layer impedes the dissolution-
recipitation reactions tooccur, but those shouldproceedsmoothly
t a physiological temperature because the gelatin layer would
wiftlydissolve to thesetting liquid. Thispaperdescribes theprepa-
ation, setting behavior, and compressive strength of CPCs whose
omponents are coated with gelatin.
. Experimental procedure
The calcium phosphate powders were kindly supplied from
OYA Corp., which were the ingredients of a commercial CPC,
iopex-R®. The composition of the present CPCwas 73%-TCP, 20%
eTCP, 5% DCPD, and 2% HA on the mass basis, which was almost
he same as Biopex-R®. The calcium phosphate powders were
ivided into three portions; portion 1 is -TCP (46.7%), portion 2
s TeTCP (20%), and portion 3 is a mixture of DCPD (5%), -TCP
26.3%), and HA (2%). When these portions are mixed together at
:3:5 on the mass basis, the present CPC composition is attained.
he setting liquid designed for Biopex-R® was also provided from
OYA Corp., whichwas an aqueous solution of sodium chondroitin
ulfate, sodium succinate, sodium hydrogen sulﬁte, and injection
olution. The gelatin used in this work, RM-gelatin 100B whose
verage molecular weight was 100kDa, was provided from Jellice
o., Ltd. This gelatin swiftly dissolved in the setting liquid at 310K
o give a ﬂuid solution while the solution gelled when cooled to
93K as shown in Fig. 1. This sol–gel transition was reversible.
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Yig. 1. The setting liquid containing 4 mass% of gelatin held at (a) 310K and (b)
93K showing a reversible sol–gel transition.
The gelatin coating on the CPC powder portions was conducted
n the following manner; 10.0 g of each portion was added to a
0.0 cm3 solution containing 0.500g of gelatin. The suspension
as stirred for 30 s before it was frozen with liquid nitrogen. The
rozenmasswas then lyophilized andpulverized down to 40mor
maller with a rotating blade mill. TG-DTA measurement assured
hat each portion contained 5.0mass% of gelatin (data not shown).
he morphology of the powders was observed with a scanning
lectron microscope (e-SEM; Shimadzu Rika Corp.).
Eight kinds of CPC powders were formulated by combining
elatin-coated and non-coated portions as listed in Table 1. It
hould be noted that the gelatin content varied from sample to
ample. CPC pastes were prepared by mixing the powders and set-
ing liquid at 4:1 on the mass basis and kneading for 60 s at room
t
a
p
p
able 1
ormulation of the present CPCs.
CPC No. Gelatin coat
Portion 1 (-TCP) Portion 2 (TeTCP)
1 – –
2 Yes –
3 – Yes
4 – –
5 Yes Yes
6 Yes –
7 – Yes
8 Yes Yes
es: coated, –: not coated.Societies 1 (2013) 26–29 27
emperature. The pastes were then poured into cylindrical copper
olds 15mm in diameter and 10mm in depth which had been
tored at either 293 or 310K. The pastes were thereafter stored at
ither 293or 310K. The setting behavior of thepasteswas tracedby
easuring the penetration depth of a cylindrical needle 1.30mm
n diameter loaded with 3.00×102 g weight for 10 s. The com-
ressive strength of set cements was measured in simulated body
uid (SBF) with a universal testing machine at a crosshead speed
f 0.5mm/min. The specimens, 6mm in diameter and 12mm in
eight (n=5), had been stored in SBF at 310K for 24h after they
ere prepared.
. Results and discussion
Fig. 2 shows the SEM pictures of the powders of the three por-
ions before and after the gelatin coating. Gelatinwas recognized in
ortions 1 and 2 (Fig. 2(b) and (d)) as ﬂaky pieces enfolding smaller
articles. In portion 3, contrastingly, gelatin was not apparently
ecognized and considered to be coating individual particles homo-
eneously. The setting behaviors of CPCs No. 1 to No. 4 at 293 and
10K are shown in Fig. 3. For No. 1 at 293K, the onset of settingwas
ecognized approximately 20min after the preparation of the paste
nd the setting completed 60min after (Fig. 3(a)). In contrast, the
etting ofNo. 3 andNo. 4 at 293K started 60–70min and completed
0min after the preparation. Thismeans that the gelatin coating on
eTCP or a DCPD-containing portion effectively retarded the onset
f setting at 293K. When the CPCs were kept at 310K (Fig. 3(b)),
etting completed within 3min for No. 1, No. 3, and No. 4, while it
ook 5min for No. 2. The results shown in Fig. 3 mean that it was
ade possible to prepare CPCs that take longer time periods to set
t room temperature while set without retardation at a physio-
ogical temperature by coating gelatin on an appropriate portion.
lthough the mechanism of the initial setting of the present CPC
ystem may be complicated, it seems that at least TeTCP and/or
CPD play more signiﬁcant roles in the initial setting than -TCP
oes.
For CPCs in which two or more portions were coated with
elatin, Nos. 5 through 8, it was not possible to prepare ﬂuid pastes
ecause gelatin absorbed the water in the setting liquid result-
ng in liquid-deﬁcient consistency. These CPCs, therefore, were not
nvestigated for the setting behavior.
Although the effects of additives on the setting behavior of CPCs
ave been extensively studied [1–8], those reports were not con-
istent and sometimes gave contradictory results. For example,
ontufar et al. [4] reported that the gelatin addition promoted the
nitial setting while retarded the ﬁnal setting of an -TCP-based
ement. Bigi et al. [6] contrastingly found that the gelatin addi-
ion increased the setting rate of an -TCP-based CPC. The gelatin
ddition hindered setting reactions of calcium silicate cement (as
er Chen et al. [7]) and brushite cement (as per Shen et al. [8]). The
resent results, on the other hand, showed that the effect of gelatin
Gelatin content (mass%)
Portion 3 (DCPD, -TCP, HA)
– 0.0
– 2.3
– 1.0
Yes 1.6
– 3.2
Yes 3.8
Yes 2.6
Yes 4.8
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aFig. 2. SEM pictures of portions 1 (a, b), 2 (c, d), and 3 (e,
ddition on the setting behavior cannot be described in a simple
anner; as was shown in Fig. 3, the gelatin coatingmay ormay not
etard the setting rate depending on the setting temperature and
n what portion was coated.
Table 2 shows the compressive strength values of set sam-
les of No. 3 and No. 4. Those were 41 and 31MPa, respectively.
s
n
t
Fig. 3. Setting behavior of CPCs Nos. 1 thore (a, c, and e) and after (b, d, and f) the gelatin coating.
onsidering that the compressive strength of commercial Biopex-
® under the same condition reaches approximately 80MPa, even
small amount of gelatin addition largely decreased the compres-
ive strength. As the conversion rate to hydroxyapatite phase did
ot differ very much among No. 1 through No. 4 (data not shown),
he decrease in the compressive strength of No. 3 and No. 4 is to be
rough 4 at (a) 293K and (b) 310K.
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Table 2
Compressive strength of set CPCs.
CPC No. Compressive strength, MPa (s.d.)
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E-mail address: unuma@yz.yamagata-u.ac.jp3 41.0 (2.6)
4 31.3 (4.1)
ttributed to theexistenceof gelatin. Still, the compressive strength
alues around 30–40MPa may be clinically acceptable values. The
ptimization of the amount of gelatin and the trace of the strength
ith time will be our future work.
Previous studies [4–6] reported that the gelatin addition some-
imes increased the compressive strength of CPCs. It should be
ational, however, to assume thatmechanicallyweaker gelatin can-
ot enhance the compressive strength of mechanically stronger
PCs. Compressive strength may be affected by many factors
nvolved in the sample preparation. One of which is the packing
omogeneity of the paste in the mold. The gelatin addition some-
hat increases the viscosity of the paste and might have allowed
orehomogeneouspackingof thepaste to themold in theprevious
eports.
. Conclusions
CPCs that retainﬂuidity for a longer timeat293Kwhile setwith-
ut a delay at 310K were prepared by coating gelatin on TeTCP or
CPD-containing portion of a CPC in a TeTCP–-TCP–DCPD system.
he gelatin coating on-TCPwas not effective in regard to the con-
rol of the setting behavior. This implied that TeTCP and/or DCPD
lay more signiﬁcant roles in the initial setting than -TCP does.
ompressive strength of 41MPa was attained for a gelatin-coated
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